Introduction
Influenza viruses are segmented RNA viruses belonging to the Orthomixoviridae family, which includes three different Influenza virus genera: A, B, C. Among these, influenza A viruses (IAVs) are the most common and can infect humans and several animal species, both wild and domestic, such as pigs, dogs, horses, and birds. Wild birds play a key role in the ecology of IAV, generally being considered its reservoir. Due to their viral genome segmentation, all IAVs, including pig influenza viruses, undergo continuous genetic evolution. Swine has very important role in influenza virus ecology, being sensitive to both avian and mammalian (including human) influenza viruses.
Nowadays, there are three principal subtypes of IAVs circulating in the Italian pig population: H1N1, H3N2, H1N2, and more recently, H1N1 pdm 2009 has also been described. 1 In Italy, SIV is responsible for 12% of respiratory diseases on intensive pig farms. 2 While many studies have been carried out on domestic animals, there is still much to investigate in wild mammals, especially with regards to influenza virus evolutionary dynamics.
Epidemiological surveys are essential for better understanding the role of wild pigs and boars (both belonging to the Sus scrofa species) in influenza virus epidemiology. SIV infection in wild boar has been reported in several European countries with varying prevalence such as 0Á7% in Poland, 3 
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4 and 6Á4% 5 in Spain, but it has not been reported in Italy until now. A survey in Slovenia did not demonstrate serological response for the influenza virus. 6 In Germany, a survey was carried out over two consecutive years and showed 7Á8% and 5Á2% of positive samples, respectively, and also an H3N2 subtype was isolated. 7, 8 In Croatia, a recent investigation revealed 9Á7% positive response. 9 Serological positive response was also shown in the USA. 10, 11 Variable rates of positivity, related to the pig farm density, ranging from 0% to 91% were shown in different geographical areas of South and North Carolina. 12 Recently in Texas, subtype H1N1 pdm 2009 circulation was demonstrated in feral pigs. 13 In France, no evidence of influenza virus circulation was found in wild boars living in an area shared with migratory waterfowl, 14 even if in some regions detection of antibodies in wild boars is reported. 15 In Italy, only two serological surveys have been carried out in the northern part of the country in 1992 16 and 1996-1998, 17 revealing no circulation of the influenza virus in the wild boar population.
The aim of this study is to provide a preliminary updating overview of the circulation of SIV in the wild boar population of the neighboring Apennine areas of the provinces of Parma and Piacenza (3449 and 2589 km 2 , respectively), in the Emilia Romagna region, in Northern Italy, where this species is widespread.
Materials and methods
During an active surveillance program carried out from July to December 2012 (as part of the 2012-2013 Emilia Romagna Regional Wildlife Control Plan), 354 lung samples and 1977 serum samples were collected in wild boars. The lung samples were tested for the influenza A virus using a realtime RT-PCR. 18 To isolate the virus from positive samples, they were inoculated onto MDCK and CACO-2 cells and into 11-day-old SPF chicken embryonated eggs. 19 The cellculture supernatant and allantoic fluid were tested by hemagglutination assay (HA) with chicken erythrocytes, using the standard procedure. 20 To reveal the presence of IAV, a double-antibody sandwich ELISA (NPA-ELISA) was used. 21 The positive samples were tested by multiplex RT-PCR 22 for virus subtyping. Antigenic characterization was performed by hemagglutination inhibition (HI). 20 When it was not possible to isolate the virus from them, the positive samples were tested directly using multiplex RT-PCR to reveal the SIV subtype present in the lung.
Full genome sequence analysis 23 was carried out on one isolated virus (A/wild boar/Italy/291320/2012) and partial genome sequencing, HA1 region for HA gene and a 514 base pairs region of the NA gene, 22 was carried out on A/wild boar/Italy/324480-4/2012 and A/wild boar/Italy/324486-3/ 2012, resolving the sequences using an ABI 3130 DNA automatic sequencer (Applied Biosystems, Foster City, CA, USA). The Lasergene sequencing analysis software package (DNASTAR, Madison, WI) was applied to combine and edit DNA sequences. ClustalW was used to make multiple sequence alignments, and MEGA5 software 24 was used to generate distance-based phylogenetic trees.
Phylogenetic analysis was conducted using neighborjoining, 25 following the method used by Tamura-Nei. 26 Serum samples collected from wild boars (n = 1977) were examined using homemade ELISA test for influenza A NP antibodies according to de Boer et al. 27 Next, positive
samples for NP antibodies were tested using HI 20, 28 Upon the examination of 1977 sera from wild boar shot in 2012 in the area considered, antibodies against NP of IAV were detected using ELISA in 78 samples (3Á9%). Seventyeight positive samples were subjected to HI tests, 58 sera showed antibodies against the avian-like H1N1 A/swine/ Italy/267505/2010 and A/wild boar/Italy/291320/2012, 10 more samples showed antibodies only against the homologous A/wild boar/Italy/291320/2012 while 9 samples resulted negative against the strains tested. One serum sample showed antibodies only against H3N2 SIV subtype with 1:640 titer. There were no positive results for SIV H1N2 subtype, while only some cross-reactions were observed using the H1N1 pdm 2009 subtype.
It is interesting to highlight that the titers obtained using HI, with the influenza virus isolated from wild boar, were higher compared with HI titers obtained from the A/swine/ Italy/267505/2010 strain, and the differences were statistically significant (Table 1) .
Discussion
Swine are very important to influenza virus ecology, being sensitive to both avian and mammal (including human) influenza viruses, whereas the role of wild boar is not clear. In particular, it is necessary to clarify its significance in maintaining and spreading this virus within wild animal populations. SIV infection in wild boar has been reported in several European countries with varying prevalence, but it has not been reported in Italy until now.
The wild boar population in Italy has increased greatly over recent years, both in number and in geographical distribution, 30 and today, in Emilia Romagna (22124 km 2 ), Significance of the Chi-square tests obtained from GLM with binomial error distributions: *P < 0Á05; ** P < 0Á01; *** P < 0Á001. around 21000 wild boar are hunted each year; moreover, intensive pig farming is practiced in this region and thus SIV actively circulates. In particular, the SIV H1N1 subtype was found to be responsible for clinical respiratory outbreaks in intensive pig farms in 47% of cases.
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This study revealed the circulation of SIV H1N1 for the first time in the Italian boar population, in an area highly populated by this species. The rate of lung samples positive for SIV gene M by biomolecular assay was 3Á38% (12/354). The phylogenetic analysis of the isolate showed that the wild boar strain was closely related to a pig SIV strain isolated 3 months before from pigs reared in the same area. It can be hypothesized that pigs are a source of SIV for wild boars, as observed by Corn in North Carolina. 12 Active circulation of SIV H1N1 subtype in the wild population of the examined area is confirmed from the high HI titers observed during the serological investigation performed using both the SIV pig strain and the wild boar strain. In the wild boar population considered, the circulation of IAV H1N1 pdm 2009 and H1N2 subtypes was not shown. Moreover, it is important to highlight the serological positivity at 1:640 titer for the H3N2 SIV strain in a boar serum, even if it only occurred in one isolated case.
It was investigated whether there were any significant habitat data that could have affected the epidemiology of the SIV infection reported. The number and the location of swine farms in the study area were analyzed, and the presence of small family-run pig and boar farms with low biosecurity levels was observed, as they allow contact between wild and domestic populations. Once infected, the high density of the population, the gregarious habits of boars, mainly nearby food and water sources, could play a role in spreading and maintaining SIV within the boar population and possibly in other wildlife species.
The virological and serological data collected suggest the need for carrying out other investigations to clarify further which SIV subtypes, besides H1N1 subtype, circulate among wild boars and also to obtain a better understanding of the role that this wild species has in the epidemiology of IAVs within wild animal populations.
Usually, SIVs do not cause zoonotic infections; however, sporadic, dead-end infection of humans has been reported with most SIV subtypes or lineages 31, 32 although in the wild, human contact would not be very common. In any case, the frequency of antigenic variation of IAVs and the possibility of cross-species transmission highlights the importance of monitoring influenza virus circulation, not only in domestic species, but also in wildlife, including mammals.
